A long-range physical map of the carcinoembryonic antigen (CEA) gene family cluster, which is located on the long arm of chromosome 19, has been constructed. This was achieved by hybridization analysis of large DNA fragments separated by pulse-field gel electrophoresis and of DNA from human/rodent somatic celJ hybrids, as well as the assembly of ordered sets of cosmids for this gene region into contigs. The different approaches yielded very similar results and indicate that the entire gene family is contained within a region located at position 19q13. 1-q13.2 between the CYPSA and the D19S151 D19SS markers. The physical linkage of nine genes belonging to the CEA subgroup and their location with respect to the pregnancy-specific glycoprotein (PSG) subgroup genes have been determined, and the latter are located closer to the telomere. From large groups of ordered cosmid clones, the identity of all known CEA subgroup genes has been confirmed either by hybridization using gene-specific probes or by DNA sequencing.
These studies have identified a new member of the CEA subgroup (CGMS), which probably represents a pseudogene due to the existence of two stop codons, one in the leader and one in the N-terminal domain exons. The gene order and orientation, which were determined by hybridization with probes from the 5' and 3' regions of the genes, are as follows: cen/3'-CGM7-5'/3'-CGM2-5'/5'-CEA-3'/5'-NCA-3'/5'-CGM1-3'/3'-BGP-5'/3'-CGM9-5'/3'-CGM6-5'/5'-CGMS-3'lPSGclusterlqter.
INTRODUCTION
The carcinoembryonic antigen (CEA) family consists of a heterogeneous group of glycoproteins whose molecular weights range from 20,000 to 200,000 (Thompson and Zimmermann, 1988) . CEA was the first member of this family to be described in colonic tumors as well as in some fetal tissues (Gold and Freedman, 1965a,b) . Due to
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its relatively high concentrations in the sera of many cancer patients, it is a widely used marker in the postoperative surveillance of such patients (Shively and Beatty, 1985) . Indeed, CEA is also gaining in importance for immunolocalization of tumors and their metastases using specific radiolabeled monoclonal antibodies (Bischaff-Delaloye et al., 1989) , and studies in rodents indicate that such antibodies may also have a future role in tumor therapy (Sharkey et al., 1991) . With the successful molecular cloning of CEA and related genes or cDNA clones, other clinical applications have been reviewed (Thompson et al., 1991) . Although the in uiuo function of this glycoprotein has not been determined, strong evidence unequivocally shows that CEA functions in vitro as a Ca'+-independent, cellular adhesion molecule (Benchimol et ab, 1989; Oikawa et aZ., 1989) . It has also been reported that CEA specifically binds Escherichia coli strains of human origin via a lectin/carbohydrate interaction (Leusch et al., 1990) , and its possible role as an accessory molecule in binding tumor cells to collagen type I has also been discussed (Pignatelli et al., 1990) .
Soon after the discovery of CEA, a number of crossreacting antigens with variable expression patterns were identified, e.g., the nonspecific cross-reacting antigen (NCA) discovered by von Kleist et al. (1972) , and independently by Mach and Pusztaszeri (1972) , was found in a variety of different normal tissues such as lung, spleen, and liver, as well as in polymorphonuclear granulocytes, macrophages, and monocytes (Bordes et aZ., 1975) . On the other hand, the biliary glycoprotein I (BGP-I), another closely related molecule, was discovered in the epithelium of bile canaliculi (Svenberg, 1976) . More recently, through molecular cloning studies, it has been found that these molecules are encoded by a gene family, composed of at least 19 genes, which can be divided into two main subgroups based on sequence comparisons (summarized in Barnett and Zimmermann, 1990) . One subgroup contains the genes coding for CEA and the classical CEA cross-reacting antigens, such as NCA and BGP, together with a number of other genes whose products have not been unequivocally determined. These genes have been named CGMl, CGM2 (Thompson et al., 1989) , and CGM6 (Arakawa et al., 1990; Berling et al., 1990) . The second subgroup consists of the pregnancyspecific glycoprotein (PSG) genes, whose protein products were discovered by Tatarinov and Masyukevich (1970) and independently by Bohn (1971) . PSGs are synthesized by the placenta in increasing amounts during pregnancy, and they are secreted into the maternal blood (Lin et al., 1974) . Because PSGs are also found in tumors of trophoblastic origin, they are potentially useful as tumor markers (Tatarinov, 1978) . The CEA gene family belongs to the immunoglobulin superfamily (Paxton et al., 1987) , whereby all CEA-related proteins consist of one immunoglobulin variablelike (N-terminal) domain and a different number of immunoglobulin constant-like domains, ranging from none (e.g., in CGM7) to six in CEA. These IgC-like regions are designated A and B domains and together they build a highly conserved repeating unit, which is present in three copies in CEA.
A number of groups have shown that the CEA gene family is clustered on the long arm of chromosome 19 in the region 19q13. 1-19q13.3 (Kamarck et al., 1987; Zimmermann et al., 1988; Barnett et al., 1989; Niemann et al., 1989; Willcocks et al., 1989; Streydio et al., 1990; Thompson et al., 1990; Brandriff et al., 1992, accompanying manuscript) .
More detailed analyses by pulse-field gel electrophoresis (PFGE) and chromosome walking have revealed that most members of the PSG subgroup are located within an 800-kb Sac11 restriction endonuclease fragment, on which individual genes are closely linked and show coordinated transcriptional patterns (Thompson et al., 1990) . As a basis toward the identification of all members of the CEA gene family and toward studying their evolution, as well as investigations on the regulation of their expression at the transcriptional level, this paper describes fine structural mapping 
These oligonucleotides were derived from sequences that are conserved for all known members of the CEA subgroup. Only in comparison with CGM2 (Thompson et al., 1989) are one and two mismatches found, respectively.
EcoRI linkers were included to assist in subcloning the fragments for sequencing (bold print). PCR was performed using l-10 ng nonlinearized cosmid DNA over 30 cycles using a BioMed thermocycler 60 (Bachhofer), basically according to Sambrook et al. (1989) gene, the same probes as those for the PFGE analyses were used. All probes were radiolabeled to specific activities of 2-5 x 10s dpm/pg DNA. Filters were washed up to 65°C in 0.1X SSC, 1% sodium phosphate, 0.1% SDS for the CEA and PSG probes. The CGM6 probe was washed similarly but in 0.2~ SSC.
RESULTS

Determination of Linkage of CEA Gene Family Members by Pulse-Field Gel Electrophoresis
Prior to analysis of the DNA fragments separated by PFGE, it was necessary to determine the specificity of the probes used to identify individual genes. Probes taken from the 3'-untranslated regions of CEA and NCA cDNA clones (Zimmermann et al., 1988) , as well as from the CGM6 cDNA clone (Berling et al., 1990) , have been shown elsewhere to be specific under high-stringency washing conditions. Similarly, the PSGla probe was described elsewhere as having subgroup specificity at high wash stringency (Thompson et al., 1990) . A specificity control was carried out for the 5'-untranslated region CEA probe (5'CEA), along with the probes for CGM2 and BGP. As seen in Fig. lA Digestion of cellular DNA with the rare-cutting restriction endonucleases Sac11 and NruI, followed by transfer to membranes and sequential hybridization and stripping of the same membrane with the various genespecific probes, allowed determination of physical linkage of the genes (Fig. 1B) . The probes for the NCA, CEA, and CGM2 genes all hybridized with common 250-kb Sac11 and 420-kb NruI fragments (lanes 1-6)3. The probes for the CGM6 and BGP genes, on the other hand, hybridized with common 360-kb Sac11 and 240-kb Nrd fragments (lanes 7-10). Most or all of the PSG genes are located on a common 800-kb Sac11 fragment (lane 11). Multiple bands seen in some lanes, even after highstringency washes, probably represent incompletely digested DNA, possibly due to partial methylation at the restriction sites. Mapping the CGM7/CGMZ/CEA/IVCA cluster. Closer analyses of the CEA gene cluster were carried out to determine the positions and orientation of these genes relative to each other. Sequence analysis reported elsewhere (Schrewe et al., 1990) has revealed the existence of two Sac11 restriction sites in the 5'-region of the CEA gene. Therefore, using a genomic probe that lies upstream from these sites, the Sac11 fragment that hybridizes should be different from that with the probe from the 3'-untranslated region of the CEA gene, assuming that these two Sac11 sites are not fully methylated. The results of the hybridization with the 526-bp SstI/SacII 5'-fragment compared to those with the CGM2 and NCA probes can be seen in Fig. 2A for fibroblast cell line 902 DNA. These results revealed that the 5'CEA and CGM2 probes hybridize with a common 220-kb Sac11 fragment (lanes 4 and 7), whereas the NCA (lane 1) and the CEA 3' probe (results not shown) hybridize with a common 3Exact fragment size determination is not possible using this method so that size variability for the same fragment between figures is sometimes found.
180-kb Sac11 fragment. Neither of these fragments was visible in Fig. lB , presumably because the DNA of the lymphoblast cells analyzed there was differentially methylated to the fibroblast cell DNA shown in Fig. 2A . These results indicate the following order of these three genes: CGM2-5' CEA 3'-NCA. To construct a long-range restriction map of this region, both single and double digestions were carried out using combinations of rare-cutting restriction endonucleases. Partial digestions with single enzymes, which are presumably caused by methylation at the restriction sites, assist in mapping. In a comparison of the results shown in Figs. 2A with 2B, differences in the Sac11 fragment patterns are seen between the two fibroblast cell lines analyzed. Cell line 902 ( Fig. 2A, lanes 1, 4, and 7 ) revealed three Sac11 fragments with each gene-specific probe. It would appear that the 420-kb and the 350-kb Sac11 DNA fragments contain all three genes. However, other investigations using the BGP-specific probe revealed that the 350-kb Sac11 fragment seen here does not contain these genes but is due to cross-hybridization with the BGP gene cluster-containing Sac11 fragment (see below). The 420-kb fragment can be split into a 180-kb Sac11 fragment, which contains the NCA gene and 3'-end of the CEA gene, and a 220-kb Sac11 fragment, containing the 5'-end of the CEA gene and the CGM2 gene. In an analysis of the fibroblast cell line 1243 with the NCA probe (Fig. 2B, lane 3) , the two larger clones from the CGMB/CEA/NCA contig (see below), we hybridized the cell line 1243 genomic DNA Sac11 digests (Fig. 2B, lane 1) and found that this gene must be located beyond the Sac11 restriction site which is digestable only in this cell line. The hybridizing Sac11 fragments are 170 and 420 kb, and the cross-hybridizing BGP gene cluster fragment of 350 kb is also visible. Although the fragments are faint, the pattern is identical to that in Fig. 2B , lane 2, because there are no internal Not1 sites in this region.
The genomic DNAs of both cell lines have common NruI fragments of 420 and 350 kb ( Fig. 2A, lanes 3 , 6, and 9; and Fig. 2B, lane 7) , each of which contains the CEA, NCA, and CGM2 genes. After double digestion with Sac11 and NruI, the ensuing pattern is identical to the one obtained by Sac11 single digestion ( Fig. 2A , compare lanes 2,5, and 8 with lanes 1,4, and 7, respectively). The gene probes all hybridized with a Not1 fragment that ran in the low mobility range (Fig. 2B, lanes 5,8,11 , and 14). Further digestion of the Sac11 or NruI digests with Not1 did not change their hybridization patterns and was identical for the CEA, CGMB, and NCA gene probes, but is shown only for the NCA probe (Fig. 2B , compare lane 3 with lane 4, and lane 7 with lane 6), as well as the CGM7 probe (Fig. 2B, compare lanes 1 and  2) , indicating the absence of unmethylated Not1 sites within these DNA fragments.
The 5'CEA and NCA probes hybridize with identical MZuI fragments of 650 and 280 kb (Fig. 2B, lanes 10 and  13) . CGMB, on the other hand, hybridizes weakly with the 650-kb and in addition with a 450-kb MluI fragment (Fig. 2B, lane 16) . Therefore, the 650-kb fragment contains all three genes and is split into a 280-kb fragment containing the CEA and NCA genes and a 450-kb fragment that contains the CGM2 gene. The 650-and 450-kb MZuI fragments each become 150 kb shorter after further digestion with Not1 (Fig. 2B, lanes 9,12, and 15 ). To combine these results, SacII/MZuI double digestions were carried out (Fig. 2C) . All three probes hybridized with fragments of 250 and 200 kb. As we have shown that the CGM2 gene is on a MluI separate fragment from the CEA and NCA genes, double digestion with SacII/MluI must have yielded different fragments of similar lengths. The only possible order of restriction fragments is shown in a long-range map (Fig. 7) .
Mapping the CGMG/BGP/CGM8 cluster. The single and double digests for construction of a long-range restriction map of the BGP gene cluster are shown in Figs. 3A and 3B. As probes for the BGP and CGM6 genes yielded identical patterns, only the results with the BGP probe are shown. Both these genes are located on MluI and Not1 fragments that migrate in the low mobility range and whose sizes cannot, therefore, be determined (Fig. 3A, lanes 6 and 8; Fig. 3B, lane 1) . However, after double digestion with the same enzymes, a 450-kb fragment is visible (Fig. 3A, lane 7) . This indicates the presence of the CGM6 and BGP genes on this smaller fragment. Both probes also hybridized with the same 280-kb and a partial 450-kb NruI fragment (Fig. 3A, lane 5; and Fig. 3B, lane 4) . The 450-kb NruI fragment becomes about 100 kb shorter after Not1 digestion (Fig. 3A , compare lanes 5 and 4). Therefore, the 280-kb NruI fragment must be located within the 450-kb NotI/MluI fragment, approximately 100 kb from the Not1 site. Furthermore, this NotI/MZuI fragment is adjacent to another NotI/Mlu fragment of ~450 kb that probably contains the CEA gene cluster, indicated by a question mark in Fig. 7 . As the faintly visible 450-kb NruI fragment is also shortened by approximately 100 kb after Sac11 digestion, we assume that the Sac11 and Not1 sites must be close together (Fig. 3B, lanes 4 and 5) . The hybridizing Sac11 fragment has a length of 350 kb (Fig. 3A, lane 1; 3B, lanes 3 and 6), so the other NruI site must also be close to a Sac11 site. This interpretation is supported by the N&I/Sac11 and MZuI/SacII double digests, where the 350-kb Sac11 fragment is not further digested (Fig. 3A , lanes 1 and 2; Fig. 3B , lanes 2 and 3). After we isolated and identified the CGMS gene-containing cosmids from the BGP contig (see below and Fig. 5 ), we carried out a hybridization using the CGM8 probe and were able to confirm that this gene is located on a NotI/NruI fragment of approximately 100 kb (Fig. 3A, lane lo) , indicating that this gene lies beyond the NruI site adjacent to the BGP and CGM6 genes on the lOO-kb NruI/NotI fragment. All three genes hybridize with a common 400-kb NruI/NotI fragment. These results lead to the longrange restriction map covering the CGMG/BGP cluster shown in Fig. 7 .
Mapping the PSG gene cluster. The hybridization conditions used with the PSGla probe were shown elsewhere to differentiate between the PSG gene and the CEA gene subgroup members (Thompson et al., 1990) . This probe hybridized with a 950-kb and a l-Mb NruI fragment, as well as giving a strong signal in the low mobility range (Fig. 3C, lane 3) . The smallest NruI fragment was shortened by approximately 110 kb after Not1 digestion (Fig. 3C, compare lanes 2 and 3) . As no llO-kb NotI/NruI fragment could be visualized after hybridization, we assume that this does not contain PSG genes. Not1 digestion yielded a large hybridizing fragment, which migrated in the low mobility range (lane 1). The long-range map for the PSG gene cluster is shown in Fig. 7 .
CEA Gene Subgroup Mapping to Cosmid Contigs
In parallel to the long-range mapping studies, we have also carried out gene mapping by assembling cosmids into contigs and assigning genes to specific cosmids. For this purpose, contigs of overlapping sets of cosmids were assembled using a strategy of high-resolution restriction fragment fingerprinting of clones from a human chromosome 19 library. Those cosmids belonging to the CEA family were identified by hybridization with a probe covering the constant domain coding regions of a CEA cDNA clone (Tynan et al., unpublished data) . One large contig of 175 kb was shown to contain four distinct regions of hybridization to the CEA IgC probe, suggesting that four genes are localized to this contig. Hybridization with gene-specific probes showed that three of these genes were CGM2, CEA, and NCA and confirmed their order as indicated by PFGE (Fig. 7) . The fourth area of hybridization, directly upstream of the CGM2 gene, indicates the presence of a closely linked additional member of this family. Sequence data from a subcloned 1.9-kb BamHI fragment containing the first exon and 254 nucleotides from the second exon revealed that this gene corresponds to the recently described CGM7 cDNA clone (Kuroki et al., 1991) .
Another contig spanned approximately 160 kb and contained groups of cosmids positive for the BGP and CGM6 probes. DNA sequencing of a 1.3-kb BamHI fragment covering part of the first and second exons confirmed the identity of the CGM6 gene by comparison with corresponding cDNA sequence data (Arakawa et al., 1990; Berling et al., 1990) . A visual representation of all the cosmids in this contig (Fig. 4) shows the location of the BGP and CGM6 positive clones as well as those clones in the contig that were positive with the CEA repeat region probe. The identification of a third group of cosmids containing a CEA repeat region in this contig indicated the location of another CEA family gene immediately upstream of the CGM6 gene. As can be seen in Fig. 5 , sequence data from a subcloned 1.3-kb BamHI fragment containing part of the first and second exons revealed that this gene (CGMB) represents a new member of the CEA family. The presence of stop codons in the first and second exons strongly indicates that this is a nseudoeene. Hvbridization with members of this . contig using a probe specific for the recently discovered member of the CEA gene subgroup, CGM9 (see Materials and Methods), under high-stringency conditions identified four positive clones (F9933, F17002, F5790, and F20310), which are located between the BGP and the CGM6 gene-containing clones (see Fig. 4 ). A third contig spanning approximately 70 kb also contained cosmid clones that hybridized with the CEA repeat region probe. Closer analyses by restriction endonuclease digestion and hybridization with the 220-bp PstI probe from the N-terminal domain of an NCA cDNA clone (pNCA1) revealed the presence of one CEA-related gene. A DNA fragment was amplified by the polymerase chain reaction using the PCRCEAall oligonucleotide primers and subcloned. This gene was identified by DNA sequencing to be the CGMl gene reported eisewhere (Thompson et al., 1989 The orientation of the CGM2, CEA, and NCA genes has been determined by restriction mapping (results to be published elsewhere).
Cosmid clones containing the N-terminal domain exons of CGM6 (clones F10514, F11586, and F21110) and CGMB (F8998, F5027, and F14687) are seen to be directly adjacent in Fig. 4 (clone F6516 was not tested), and due to their high overlap, it appears probable but has not yet been confirmed that these two genes are orientated head-to-head.
As two of the cosmid clones (clones F17002 and F20310) that hybridize with the N-terminal domain CGMS-specific probe also hybridize with the CGMG-specific 3'-untranslated region probe, we assume the orientation of CGM9 and the other genes to be as shown in Fig. 7 . Although the CGMl gene probe was not used for hybridization in the PFGE studies, because there are no rarecutting restriction enzyme sites in this region, its position relative to those of the other genes, as determined by contig analyses, has also been included in Fig. 7 .
Chromosomal Location of CEA Gene Family by Somatic
Cell Hybrid Analysis
Under the conditions used, the 2.6-kb XbaI fragment probe from the 5'-region of the CEA gene hybridizes to both CEA and PSG family members (Fig. 6A) . Although this probe does not contain the N-domain exon, the hybridization patterns were compared and the fragments are similar in size to those obtained using a probe from that region (Thompson et al., 1989) . One of the strongest hybridizing EcoRI restriction endonuclease fragments is of 7.2 kb and contains the 5'-region of the CEA gene itself (cf. Schrewe et al., 1990; Willcocks et al., 1990 ). An EcoRI fragment of 5.2 kb also hybridizes strongly because this is common to a number of PSG genes (Thompson et al., 1989) . Other CEA family members have N-domain-containing EcoRI fragment sizes as follows: NCA, 2.7 kb (Thompson et al., 1987) ; CGMB, 9.8 kb (Thompson et al., 1989); BGP, >20 kb (Barnett et al., 1989); and CGMG, 12 kb (unpublished results) . 564034638 contains a subset of the bands hybridizing to the XbaI probe, while hybrid G175C4 apparently contains the remaining bands. The CGM2 and CEA genes (NCA and CGMl signals are too faint to be seen in Fig.  6A ) are contained in 564034638, while the PSGs, BGP, and CGM6 bands are absent and apparently cosegregate with the G175C4 hybrid.
The PSG probe also recognizes a number of EcoRI fragments (Fig. 6B ) and has been shown elsewhere to be specific for PSG subgroup but not CEA subgroup members under these hybridization conditions (Thompson et al., 1990) . A comparison of Figs. 6A and 6B shows that those clones that contained all the CEA subgroup bands also contain all the PSG subgroup bands (908KlB18, TVBID, G175B3, and WILF M2), and those that were negative with the CEA probe were also negative with the PSG probe (WILF M6, TV7C, and 2OXP3542-1-4).
The 564034638 hybrid, on the other hand, contains no PSG bands, whereas hybrid G175C4 contains them all (Fig. 6B) .
The CGM6 probe was hybridized to six of the hybrids used in the previous mapping experiments (Fig. 6C) ments hybridized, with the strongest signal at 5.1 kb, which was shown elsewhere to represent the CGM6 gene (Berling et aZ., 1990) . Hybrids WILF M6,2OXP3542-1-4, and 564034638 are negative, whereas hybrids WILF M2, 908KlB18, and G175C4 are positive. An unknown CEA cross-hybridizing band of 3.75 kb is also seen in hybrids 908KlB18, 564034638, and WILF M2. These results confirm the assumption made with the CEA probe that the BGP/CGMG cluster found using PFGE analyses cosegregates with the PSG gene cluster in hybrid G175C4.
DISCUSSION
With the help of pulse-field gel electrophoresis and hybridization using gene-specific probes, we have constructed a long-range physical map of the carcinoembryonic antigen gene family cluster on the long arm of chromosome 19. These results have been confirmed and supplemented by assembling an ordered set of cosmids for this region and DNA sequencing, as well as by hybridization analysis of a number of human/rodent somatic hybrid cells. The data summarized in Fig. 7 indicate that the CEA gene family is contained within a region located at position 19q13.1-q13.2 between the markers for the cytochrome P450 subfamily IIA (CYPBA) and D19S15/ D19S8 (Table 1) . The PSG subgroup genes were found to reside telomeric of the CEA subgroup genes, which has been confirmed by in situ hybridization of metaphase and interphase chromosomes (see Brandriff et al., cluster/qter. One general problem in constructing a long-range restriction map is that many rare-cutting restriction endonucleases recognize sequences containing the dinucleotide CpG. This dinucleotide is normally underrepresented in the genome due to methylation at the 5'-position of the cytosine rest followed by nucleotide substitution during evolution (Bird, 1987) . However, CpG islands that contain unmethylated CpG dinucleotides exist. These CpG islands generally also contain recognition sites for a number of rare-cutting enzymes (Bird, 1987) , which creates mapping problems, as DNA fragment overlaps cannot easily be found in double digests. In mapping the CEA gene family, such problems were encountered, although a map could be constructed. In Fig. 7 , CpG islands possibly exist where recognition sites of rare-cutting restriction endonucleases are clustered. It has been reported that CpG islands are often found in the upstream regulatory regions of eukaryotic genes (Bird, 1987) . Indeed, in the case of the CEA gene, whose exon structure has been analyzed elsewhere in detail (Schrewe et al., 1990; Willcocks et al., 1990) , such a region is found within the CEA promoter (Fig. 7) . The existence of additional putative CpG islands within the CEA gene family cluster indicates that other, as yet unidentified genes may also exist close to these sites.
Gene clusters have been found for a number of gene families, e.g., the P-globin family (Efstratiadis et al, 1980; Slightom et aZ., 1980) , the major histocompatibility complex gene family (Steinmetz and Hood, 1983) , immunoglobulins (Tonegawa, 1983), and homeotic genes (Holland and Hogan, 1988) . Genes within a cluster can be more easily regulated with regard to the coordination of their expression. For example, the order of the @-globin genes within that cluster represents the order with which they are expressed during ontogenesis (Fritsch et al., 1980) . Similarly, the positional expression pattern of Hox genes along the anterior/posterior axis of the mouse has been shown to correlate with the gene order within that cluster (Holland and Hogan, 1988) . It has been well documented that CEA-related molecules are expressed at an early stage during fetal development of humans (von Kleist et al., 1986; Nap et al., 1988) and mice (Huang et al., 1990) . It would be of interest to see whether variability in the temporal or spatial expression patterns of CEA-related genes exists during development and if this correlates with their genomic organization. Indeed, we have recently found temporal variability in the transcriptional activity of two mouse PSG analogues (results to be published elsewhere). Common regulatory elements that control the expression of more than one gene within a cluster could also exist, Such a situation may be expected for the PSG genes, because most of them are coordinately expressed in the placenta (Thompson et al., 1990) . These studies have provided a basis for future investigations regarding the regulation of transcription of individual or groups of CEA-related genes and the search for cis-and trans-acting regulatory factors. 
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